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(54) FABRICATION OF SEMICONDUCTOR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To protect a polymer layer 
against breakage due to heat treatment, or the like, by 
performing heat treatment, pressure reduction and 
plasma processing before formation of a cap layer after 
forming the polymer layer from a material gas of silane, 
composing a part of a seif-planarized interlayer insulator, 
and hydrogen peroxide water. 

SOLUTION: A first silicon oxide 12 is deposited by 50- 
300 nm on the entire surface of a silicon substrate 10, 
after forming a lower layer wiring 15 thereon, by plasma 
CVD using a material gas of silane, N20 and nitrogen 
under a reaction pressure of 50-300 Pa at a growth 
temperature of 25-350°C. A polymer layer 1 3 of 0,4-1 .5 
m thick excellent in the planarity is then formed thereon 

using a material gas of silane and hydrogen peroxide water under a reaction pressure of 1 00- 
300 Pa at a growth temperature of -10-30X. Finally, a cap layer 14 by plasma CVD using a 
material gas of silane, N20 and nitrogen under a reaction pressure of 100-300 Pa at a growth 
temperature of 250-350°C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by "tine Tase of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the semiconductor device characterized by heat-treating the 2nd 
silicon oxide which uses and grew up a silane and hydrogen peroxide solution into material gas in the 
process which forms the layer insulation film by which self- flattening was carried out on the silicon 
substrate by carrying out the laminating of the 1st, the 2nd, and 3rd silicon oxides one by one by the 
250-3 50-degree C temperature requirement before the 3rd silicon-oxide growth. 

[Claim 2] The manufacture method of the semiconductor device according to claim 1 characterized by 
leaving a silicon substrate under a low voltage vacuum 0.1 Pa or less immediately after the 2nd silicon- 
oxide growth. 

[Claim 3] The manufacture method of a semiconductor device according to claim 1 or 2 that heat- 
treatment before the 3rd silicon-oxide growth is characterized by leaving it under a 250-350-degree C 
temperature requirement condition in a 0. 1 -300Pa vacuum after the 2nd silicon-oxide growth. 
[Claim 4] The manufacture method of the semiconductor device according to claim 1 or 2 characterized 
by heating by the plasma by the reactant gas by which the heat-treatment before the 3rd silicon-oxide 
growth had power controlled from after the 2nd silicon-oxide growth so that the temperature of a silicon 
substrate becomes the temperature requirement which is 250-350 degrees C. 

[Claim 5] The manufacture method of the semiconductor device according to claim 4 characterized by 
the reactant gas of plasma production being the simple substance or mixed gas of oxygen, nitrogen, and 
an argon. 

[Claim 6] The manufacture method of the semiconductor device according to claim 1 or 2 characterized 
by performing both a claim 2 and heat-treatment according to claim 4 continuously simultaneous before 
the 3rd silicon-oxide growth after the 2nd silicon-oxide growth. 

[Claim 7] The manufacture method of the semiconductor device according to claim 1 to 6 characterized 
by performing partial pressure measurement of the water in the vacuum tub under heat-treatment after 
the 2nd silicon-oxide formation, hydrogen, and oxygen. 

[Claim 8] The manufacture method of the semiconductor device according to claim 1 to 7 characterized 
by controlling heat-treatment time with the partial pressure value of the water of the heat-treatment tub 
after the 2nd silicon-oxide formation, hydrogen, and oxygen. 
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Drawing selection [[Repr esentative drawing] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the manufacture 
method of the self- flattening layer insulation film which raised the crack resistance used between 
naukilayer interconnections about the manufacture method of a semiconductor device. 
[0002] 

[Description of the Prior Art] The self-flattening layer insulation film between the multilayer 
interconnections of a semiconductor device forms a silicon oxide in a wafer front face by the plasma 
CVD method after lower layer wiring formation. Preliminary processing is performed with the plasma 
by reactant gas, such as oxygen, before formation of this silicon oxide. Next, the polymer of the silanol 
[Si (OH)4] system generated by the reaction of a silane and hydrogen peroxide solution is made to 
deposit on the front face of this silicon oxide. The gap during the lower layer wiring under a silicon 
oxide is buried by this polymer, and flattening is carried out. You may add the plasma treatment in the 
inside of N20 gas before deposition of tliis polymer. 

[0003] Since this polymer layer contains many moisture, it needs to remove as many moisture as 
possible, is **(ed) in the low voltage force after polymer deposition, and makes moisture discharge from 
this layer. However, although it is known that about 400 degrees C needs to be heat-treated in order to 
remove moisture from this polyirter layer completely, it reacts to the atmosphere with the moisture in 

and the atmosphere etc., and film peeling, moisture re-adsorption in a polymer layer, etc. generate 
the polymer layer containing a lot of moisture. Therefore, in order to solve these problems, the cap layer 
of a siUcon oxide is deposited by the plasma CVD method on a polymer layer. These silicon oxides 
perform gap filling during lower layer wiring, and a self-flattening insulator layer is formed. 
[(International application number :P [ 93/01368 ] CT/GB.) 0004] 

[Problem(s) to be Solved by the Invention] However, when it is going to embed a deep gap level 
difference (a level difference of TO micrometers or more like [ For example, ] the wiring height 1 1 of 
drawing I (a)), film destruction of a crack, a void, etc. occurs in an insulator layer with heat treatment 
after self- flattening insulator layer formation etc., it becomes a cause and the problem on reliability, such 
as a short circuit during wiring and an open circuit of wiring, generates the ahovQ-mentioned self- 
flattening layer insulation film. 

[0005] this invention solves the trouble of the above-mentioned conventional technology, and aims at 
offering the manufacture method of a semiconductor device without generating of film destruction, such 
as a crack and a void, resulting from stress, such as heat treatment after film formation of the polymer 
layer (the 2nd silicon oxide) of a self- flattening layer insulation film. 
[0006] 

[Means for Solving the Problem] In order to attain this purpose, this invention performs heat-treatment, 
reduced pressure processing, and plasma treatment before cap layer (3rd siUcon oxide) formation after 
formation of the polymer layer which made material gas the silane which are some self-flattening layer 
insulation films, and hydrogen peroxide solution. 

[0007] By the above-mentioned processing, the moisture removal from a polymer layer can be promoted 

and fUm destruction of the crack in an insulator layer, a void, etc. can be prevented. 

[0008] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained in detail, 
referring to a drawing. 

(Form 1 of operation) Drawing 1 is the process cross section showing the manufacture method of the 
self-flattening layer insulation film in the form 1 of operation of this invention. First, as shown in 
drawing 1 (a), the 1st silicon oxide 12 of about 50-300nm thickness is formed by the plasma CVD 
method by making a silane, and N20 and nitrogen into materia] gas ail over the silicon substrate 10 after 
lower layer wiring 15 formation by the temperature requirement with 50-300Pa [ of reaction pressure ], 
and a growth temperature of 250-450 degrees C. You may perform plasma treatment by reactant gas. 
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such as N20 and nitrogen, after 1st silicon-oxide 12 formation for membraneous reforming of this 
silicon oxide. Moreover, in order to reduce the content moisture content in the cascade screen on 
removal or a silicon substrate 10 for the dirt on a silicon substrate 10 by the plasma by reactant gas, such 
as oxygen and nitrogen, before 1st silicon-oxide 12 formation, you may perform preliminary processing. 

[0009] Next, as shown in drawing 1 (b), the 2nd silicon oxide 13 which was excellent in the temperature 
requirement with 100-300Pa [ of reaction pressure ] and a growth temperature of about -10-30 degrees C 
at the flat nature of about 0.4-1 .5-micrometer thickness is formed by making a silane and hydrogen 
peroxide solution into material gas on the 1st silicon oxide 12. Since the 2nd silicon oxide 13 makes the 
silanoi which is the liquefied polymer which was generated by the reaction of a silane and hydrogen 
peroxide solution, and which is not solidified deposit on a silicon substrate 10 and is performing film 
formation, it contains moisture or the hydroxyl group (-OH) so much in the 2nd silicon oxide 13. A 
crack, a void, etc. occur with heat treatment after film formation by remaining in a film, without 
removing the moisture in this 2nd silicon oxide 13. In order to reduce the moisture content in the 2nd 
silicon oxide 13, after film formation, a wafer is left 30 seconds or more and 300-degree C heat- 
treatment is added for a wafer to the bottom of the low voltage force 0. IPa or less for 10-90 seconds 
after that. 

[0010] Next, as shown in drawing 1 (c), the 3rd silicon oxide 14 of about 100-400nm thickness is 
formed on the 2nd silicon oxide 13 by the plasma CVD method by making a silane, and N20 and 
nitrogen into material gas by the temperature requirement with 100-300Pa [ of reaction pressure ], and a 
growth temperature of 250-450 degrees C. After 3rd silicon-oxide 14 formation may add heat treatment 
for 20 - 60 minutes by the 380-450-degree C temperature requirement, in order to remove the moisture 
and hydroxyl group which were generated by the crosslinking reaction of the silanol in the 2nd silicon 
oxide 13. 

[00 11] (Form 2 of operation) Drawing 2 is the process cross section showing the manufacture method of 
the self-flattening layer insulation film in the form 2 of operation of this invention. First, as shown in 
drawing 2 (a), the 1st silicon oxide 22 of about 50-300nm thickness is formed by the plasma CVD 
method by making a silane, and N20 and nitrogen into material gas all over the silicon substrate 20 after 
lower layer wiring 25 formation by the temperature requirement with 50-3 OOPa [ of reaction pressure ], 
and a growth temperature of 250-450 degrees C. You may perform plasma treatment by reactant gas, 
such as N20 and nitrogen, after 1 st silicon-oxide 22 formation for membraneous reforming of this 
silicon oxide. Moreover, in order to reduce the content moisture content in the cascade screen on 
removal or a silicon substrate 20 for the diit on a silicon substrate 20 by the plasma by reactant gas, such 
as oxygen and nitrogen, before 1st silicon-oxide 22 formation, you may perform preliminary processing. 

[0012] Next, as shown in drawing 2 (b), the 2nd silicon oxide 23 which was excellent in the temperature 
requirement with 100-300Pa [ of reaction pressure ] and a growth temperature of -10-30 degrees C at the 
flat nature of about 0.4-1. 5-micrometer thickness is formed by making a silane and hydrogen peroxide 
solution into material gas on the 1st silicon oxide 22. Since the 2nd silicon oxide 23 makes the silanol 
which is the liquefied polymer which was generated by the reaction of a silane and hydrogen peroxide 
solution, and which is not solidified deposit on a silicon substrate 20 and is performing film formation, it 
contains moisture or the hydroxyl group (-OH) so much in the 2nd silicon oxide 23. A crack, a void, etc. 
occur with heat treatment after film formation by remaining in a film, without removing the moisture in 
this 2nd silicon oxide 23. In order to reduce the moisture content in the 2nd silicon oxide 23, a silicon 
substrate 20 is left 30 seconds or more under the low voltage force 0.1 Pa or less after film formation, 
and a content moisture content is reduced. 

[0013] Next, as shown in drawing 2 (c), it heats by the plasma 26 by reactant gas, such as oxygen, 
nitrogen, and an argon, and the content moisture content in the 2nd silicon oxide 23 is reduced. At this 
time, the power of plasma 26 is controlled so that the temperature of a silicon substrate 20 becomes the 
temperature requirement which is 250-350 degrees C, and it is **** in plasma 26 for 10-60 seconds 
about a silicon substrate 20. 
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[0014] Next, as shown in drawing 2 (d), the 3rd silicon oxide 24 of about 100-400nm thickness is 
formed on the 2nd siHcon oxide 23 by the plasma CVD method by making a silane, and N20 and 
nitrogen into material gas at the reaction pressure of 100-300Pa, and the growth temperature of 250-450 
degrees C. After 3rd silicon-oxide 24 formation may add heat treatment for 20 - 60 minutes at the 
temperature of 380-450 degrees C, in order to remove the moisture and hydroxy 1 group which were 
generated by the crosslinking reaction of the silanol in the 2nd silicon oxide 23. 
[0015] (Form 3 of operation) In the forms 1 and 2 of operation, when performing heat-treatment after 
the 2nd silicon-oxide formation, reduced pressure processing, and processing that removes the moisture 
or hydroxyl group in a film by plasma treatment, control of this processing is controlled not by time but 
by the partial pressure of water. Therefore, if a mass spectrograph (remains gas monitor) is attached in a 
processing vacuum tub, partial pressure measurement of the water under processing is performed and it 
becomes a certain less than degree of vacuum, for example, 1 mPa, processing will be stopped and the 
3rd silicon oxide will be formed. About the art of order, it is the same as the case of the forms 1 and 2 of 
operation. 

[0016] Although the form of each above-mentioned implementation explained the example which 
applied a silane and hydrogen peroxide solution to the self- flattening layer insulation film used as 
material gas as a layer insulation film of wiring, it is also possible to apply to STI (Shallow Trench 
Isolation) and the embedding layer to a trench. 
[0017] 

[Effect of the Invention] As explained above, according to this invention, the film destruction of a crack, 
a void, etc. generated with heat treatment after the self-flattening layer insulation film formation which 
made a silane and hydrogen peroxide solution material gas can be suppressed, and a reliable layer 
insulation film can be formed. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To protect a polymer layer against breakage due to heat treatment, or 
the. jike^^y.^rforrnm^. heat treatment, pressure reduction and plasma processing before formation of a 
cap layer after forming the polymer layer from a material gas of silane, composing a part of a self- 
planarized interlayer insulator, and hydrogen peroxide water. 

SOLUTION: A first silicon oxide 12 is deposited by 50-300 nm on the entire surface of a silicon 
substrate 10, after forming a lower layer wiring 15 thereon, by plasma CVD using a material gas of 
silane, N20 and nitrogen under a reaction pressure of 50-300 Pa at a growth temperature of 25-350°C. A 
polymer layer 13 of 0.4- 1.5 jxm thick excellent in the planarity is then formed thereon using a material 
gas of silane , and hydrogen peroxide water under a reaction pressure of 100-300 Pa at a growth 
temperature of -10-30''C. Finally, a cap layer 14 by plasma CVD using a material gas of silane, N20 and 
nitrogen under a reaction pressure of 1 00-300 Pa at a growth temperature of 250-350°C, 
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